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Objectives: This study was undertaken to test the hypothesis that there is a neural basis for baroreceptor deterioration
during carotid endarterectomy (CEA), by investigating intraoperative hemodynamic changes induced by intraluminal
carotid stretch stimulation, before and after application of local anesthetic to the adventitial layer of the carotid sinus
region.
Methods: This was a prospective study of 20 patients undergoing elective CEA. During CEA, before removal of the
atheroma, intraluminal stretch simulation of the carotid baroreceptors (rub test) was performed before and after injection
of 1% lignocaine into adventitial tissue of the artery in the region of the carotid sinus. Continuous measurements of mean
arterial blood pressure (MAP), electrocardiographic r-r intervals (R-R), heart rate, cardiac vagal tone, and carotid sinus
baroreflex were recorded to determine alterations in baroreceptor function.
Results: Rub test before injection of lignocaine was associated with a decrease in MAP and heart rate and an increase in
R-R, cardiac vagal tone, and carotid baroreflex response, indicating a functioning baroreflex. After lignocaine injection
and repetition of the rub test, no significant change was seen in MAP, heart rate, R-R, cardiac vagal tone, or carotid
baroreflex response, indicating a nonfunctioning baroreflex. Comparing the peak responses to the rub test stimulus
before and after lignocaine injection showed significant differences for all variables (P < .05), with carotid baroreflex
response and heart rate being highly significant (P < .0005).
Conclusions: The baroreflex response to intraluminal stretch stimulation of the carotid sinus area is operational in patients
undergoing CEA, and this response is abolished by infiltration of local anesthetic into the periadventitial tissue around
the carotid sinus. (J Vasc Surg 2004;39:1288-94.)Carotid endarterectomy (CEA) is performed to remove
atheromatous plaque from the carotid bifurcation, thereby
reducing the future risk for stroke.1,2 The carotid bifurca-
tion is also the site of the carotid sinus region, an important
baroreceptor area involved in blood pressure homeosta-
sis.3,4 Formation of rigid atheroma in the carotid sinus
region impairs the sensitivity of the baroreceptor stretch
receptors in the wall of the artery.5 Removal of atheroma
from this area might therefore be expected to improve
baroreflex sensitivity and blood pressure control. However,
in most patients undergoing CEA the converse occurs, and
baroreceptor function deteriorates, resulting in blood pres-
sure instability and increased cardiovascular morbidity and
mortality in both the immediate postoperative period and
over the long term.6-10 Despite much research in this area,
the mechanism by which carotid baroreceptor function is
altered during CEA remains unclear.
In a previous study preoperative, intraoperative, and
postoperative measurements of baroreflex sensitivity were
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patients undergoing CEA.11 This study showed that the ca-
rotid sinus baroreceptors were functioning before CEA and
that during the operation baroreceptor function suddenly
deteriorates at the point when the atheromatous plaque is
removed from the carotid sinus region. This sudden deterio-
ration closely resembles the situation seen in animal experi-
ments in which the carotid sinus nerve is deliberately cut.12
Histologic studies have shown that unmyelinated nerves pen-
etrate the artery wall as far as the intima. Because CEA re-
moves part of the muscular media of the artery and hence
damages those nerve fibers, we proposed a novel theory of
intramural denervation to explain the disruption of the
baroreceptor mechanism observed at this point.11
The purpose of this study was to further validate our
hypothesis of a neural basis for baroreceptor deterioration
by investigating whether the intraoperative hemodynamic
changes produced by removal of the atheromatous plaque
could be replicated with application of local anesthetic to the
carotid sinus region. In addition, the current study focused on
the measurement of baroreceptor sensitivity with use of recent
technology, the Neuroscope (MediFit Diagnostics, London),
which can be used to monitor cardiac vagal tone (CVT) and
carotid sinus baroreflex response (CBR) in real time.13,14
METHODS
Patients and procedure
After local research ethics committee approval and in-
formed patient consent, 20 patients undergoing elective
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the analysis, 2 because of administration of atropine and
metaraminol before one of the rub tests, as these drugs
likely affect heart rate and baroreceptor response, and the
other 2 patients because of spontaneously variable moni-
tored parameters throughout the case, making unbiased
interpretation of signals difficult. Mean age of the remain-
ing 16 patients (9 men, 7 women) was 71 years (range,
56-82 years). None of the patients had undergone previous
surgery or stenting of the contralateral carotid artery. Mon-
itoring was applied after induction of general anesthesia,
when the patient entered theater. Anesthesia was standard-
ized, and the patients were maintained in physiologically
stable condition throughout the procedure; in particular,
no vasoactive or cardioactive drugs were given before the
rub tests.
After routine dissection and heparinization, clamps
were applied to the common, external, and internal carotid
arteries, and a longitudinal arteriotomy was extended along
the diseased length of the common and internal carotid
arteries. Exposure of the carotid complex, and in particular
the carotid bifurcation and area surrounding the carotid
sinus, was performed with the utmost care, to minimize
hemodynamic instability caused by surgical dissection.
When indicated, an intraluminal shunt (Pruitt-Inahara; Le
Maitre Vascular) was inserted to maintain adequate perfu-
sion to the brain (n  14).15,16 Intraluminal stretch simu-
lation of the carotid baroreceptors was performed as previ-
ously described.11 Basically, this involved stroking the
luminal surface of the artery in the region of the carotid
sinus with a pledget at a rate of 1 stroke per second (rub test
1). The strokes were started distally and ended proximally
across the carotid sinus area. This was carried out 10 times.
A 2-mL injection of 1% lignocaine into adventitial tissue of
the artery in the carotid sinus area was then performed
intraoperatively, and the rub test was repeated in the same
way and in the same region as before (rub test 2), before
removal of the atheromatous plaque.
Intraoperative monitoring
To quantify these events, continuous monitoring of
sympathetic and parasympathetic activity was carried out
using the Neuroscope system.13,14
The Neuroscope monitors and quantifies the cardiac
component of the baroreflex gain in real time, provides a
continuous noninvasive index of CVT in units of a linear
vagal scale (LVS), and accurately measures electrocardio-
graphic (ECG) r-r intervals (R-R).13,17,18 Its reproducibil-
ity has been demonstrated, and it has been described in
detail before.13,17-19 In essence, blood pressure and ECG
signals are recorded synchronously and fed into the Neu-
roscope system for continuous analysis. Noninvasive in-
dexes of CVT and CBR are derived on a beat-by-beat basis
from these data.
Cardiac vagal tone. Rapid changes in heart rate
caused by alterations in the level of parasympathetic tone is
commonly referred to as CVT, which is reflexively gener-
ated through baroreceptor stimulation. Excitation of thebaroreceptors is manifested in the ECG signal by rapid and
quantifiable synchronized changes in R-R intervals. The
Neuroscope enables objective real-time measurement of
cardiac vagal tone by phase demodulation of a high-reso-
lution time domain of the R-R intervals.17 The detailed
electronic processing of these signals has been described,19
but in essence pulse-synchronized delays in the onset of
successive cardiac cycles are detected as phase shifts, quan-
tified in milliseconds, and converted into measures of
CVT.13,17 The greater the rate of change of R-R interval
from one beat to the next, the higher the CVT.
CVT is expressed in arbitrary units of a linear vagal
scale. For human subjects at rest, maximum parasympa-
thetic activity has been defined as 10 arbitrary units in the
linear vagal scale, with zero representing no measurable
parasympathetic influence on heart rate (full
atropinization).18
Carotid sinus baroreflex. Baroreflex sensitivity can
be defined as the response of the heart rate to a given
change in systolic blood pressure. It follows therefore that
spontaneous fluctuations of arterial blood pressure associ-
ated with varying R-R intervals offers a noninvasive method
for assessment of baroreflex sensitivity. The CBR can there-
fore be calculated by quantifying the cardiac responses to
ejection pressures in each cardiac cycle as RR/SBP,
where RR is the difference between present and previous
ECG R-R intervals, and SBP is the difference between the
systolic blood pressure values in two preceding cardiac
cycles14,20 Baroreflex sensitivity is expressed in milliseconds
per millimeter mercury.
A detailed description of the Neuroscope algorithm for
calculating CBR is discussed elsewhere.13,14,21
Functions of mean arterial blood pressure (MAP),
ECG r-r intervals (R-R), heart rate, CVT, and CBR were
downloaded, and timing of intraoperative events was accu-
rately documented.
Data processing and analysis
Data signals were digitized and collected on a com-
puter using specialized software (Vagusoft Tone Program,
version 3.13b; MediFit Diagnostics). Data are presented as
mean  95% confidence interval. Baseline values of MAP,
R-R, heart rate, CVT, and CBR were averaged over 2
minutes before heparinization and clamping, but after
completion of dissection. For each rub test the peak re-
sponses to each rub stimulus were calculated, and compar-
isons were made using the paired t test. Statistical signifi-
cance was considered at P  .05.
RESULTS
The baseline values obtained for the 16 individual
patients are given in Table I. Average CVT was 2.22 on the
linear vagal scale, but varied from 8.8 to as low as 0.59.
Average CBR was also low, with an average of 1.89
ms/mm Hg, and varied from 7.0 to 0.2 ms/mm Hg.
Pooling the data for all 16 patients showed that rub-
bing the luminal surface in the region of the carotid sinus
with the plaque in situ and before lignocaine injection (rub
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and heart rate, and a significant increase in R-R, CVT, and
CBR (Table II). However, the magnitude of this change
varied among patients (Fig 1), with 3 patients showing little
change in any parameter.
After injection of 1% lignocaine into the carotid sinus,
no significant change was seen in MAP, heart rate, R-R,
CVT, or CBR on rubbing in the region of the carotid sinus
(rub test 2) when looking at the pooled data (Table II). In
one patient, however, MAP decreased by 19 mm Hg
during rub test 2, although again there was no change in
any other parameter (Fig 1). The average time interval
between rub test 1 and rub test 2 was 4.1 minutes.
Typical data obtained during CEA for an individual
patient are demonstrated in Fig 2. Rub test 1 can clearly be
Table I. Summary of baseline values
Patient Sex
Age
(y)
MAP
(mm Hg)
R-R
interval
(ms)
Heart
rate
(bpm)
CVT
(linear
vagal scale)
CBR
(ms/mm
Hg)
1 M 58 82.1 859 69.8 1.45 2.00
2 M 56 75.0 1118 53.0 2.50 1.94
3 F 70 42.8 839 71.5 2.47 2.40
4 M 63 101.4 882 68.0 1.03 1.20
5 M 79 102.8 645 92.9 0.59 0.40
6 F 73 168.9 871 68.8 0.90 0.20
7 F 68 83.5 1134 52.8 1.66 2.80
8 M 67 92.5 932 64.4 0.82 1.10
9 F 77 56.9 921 65.1 1.18 0.50
10 M 77 72.8 1068 56.2 3.06 3.10
11 M 73 99.6 865 69.4 1.02 0.90
12 F 80 75.7 1123 53.5 8.80 7.00
13 M 65 76.7 1080 55.6 2.30 1.20
14 F 75 97.7 859 69.8 2.61 1.70
15 M 71 66.2 1140 52.6 3.15 2.70
16 F 82 89.5 851 70.5 1.96 1.10
Mean 86.5 949 64.6 2.22 1.89
95% CI 14.7 77 5.6 1.03 0.86
Values represent average over 2 minutes of stable recording, before hepa-
rinization and clamping but after dissection of carotid artery.
MAP, Mean arterial blood pressure; CVT, cardiac vagal tone; CBR, carotid
baroreceptor sensitivity; CI, confidence interval.
Table II. Absolute changes seen before (Rub test 1) and
after (Rub test 2) injection of lignocaine into carotid
sinus
Parameter Rub test 1 Rub test 2
MAP (mm Hg) 14.0  5.2 1.2  2.5*
R-R (ms) 385.1  355.7 0.6  5.2†
Heart rate (bpm) 13.1  5.4 0.1  0.4‡
CVT (linear vagal scale) 13.1  12.3 0.0  0.3†
CBR (ms/mm Hg) 4.9  2.0 0.2  0.3‡
MAP, Mean arterial blood pressure; CVT, cardiac vagal tone; CBR, carotid
baroreceptor sensitivity.
Significant differences compared with pre–lignocaine injection (paired t
test):
*P  .005.
†P  .05.
‡P  .0005.seen to be associated with a decrease in MAP and heart rate
and an increase in CVT and CBR. After injection of 1%
lignocaine, the second rub test did not produce a response
in any parameter.
Comparing the peak responses to the rub test stimulus
before and after lignocaine injection showed significant
differences for all variables (Table II), with CBR and heart
rate responses being highly significant (P  .0005).
DISCUSSION
Carotid surgery is frequently associated with blood
pressure changes, demonstrating the essential role of the
baroreceptors in the carotid sinus for regulation of postop-
erative blood pressure.8 However, whereas relationships
between atherosclerosis and baroreflex sensitivity have been
well documented in animal models,22-24 similar evidence in
human beings is both limited and indirect. This study
addressed the issue of altered baroreflex sensitivity in pa-
tients undergoing CEA, and, in particular, confirmation of
our hypothesis that removal of the atheromatous plaque
disrupts the baroreflex response as a result of denervation of
the baroreceptor nerve fibers within the artery wall, that is,
intraluminal denervation. To our knowledge, no previous
study has evaluated these effects in human beings.
Performing the first rub test with the atheromatous
plaque in situ before administration of lignocaine resulted
in a significant decrease in MAP and heart rate, and a
significant increase in R-R interval, CVT, and CBR. This
implies a baroreflex feedback in response to the perceived
stimulation of a sudden rise in arterial blood pressure. This
confirms the findings of our previous study, which sug-
gested that before removal of the carotid plaque the barore-
flex control was intact and not altered by dissection of the
carotid artery or the presence of rigid atheroma in the
carotid sinus region.11
After injection of 1% lignocaine into the carotid sinus
region, repeating the rub test in exactly the same way and in
the same region as before provoked no response in MAP,
R-R, heart rate, CVT, or CBR. These results were signifi-
cantly different (P  .05) from the changes seen with rub
test 1. This finding gives considerable weight to our hy-
pothesis that the baroreceptors are functioning with the
carotid atheroma in situ and that removal of the atheroma-
tous plaque disrupts the baroreflex response as a result of
denervation of the baroreceptor nerve fibers within the
artery wall.11
Three patients, however, showed little change in MAP,
R-R, heart rate, CVT, or CBR at rub test 1. It is possible
that in these patients we may not have produced a repro-
ducible stretch stimulation with the rub test, although
having failed to elicit a good response in these three pa-
tients, the rub test was repeated, both with more force and
in a slightly different area of the carotid sinus. Decreased
baroreflex sensitivity is associated with aging,22,25,26 hyper-
tension,27 myocardial ischemia,28 and diabetes,29 and with
structural and biochemical effects of atherosclerosis on the
carotid and aortic baroreceptors.22,24,30 Inasmuch as these
three patients were all older than 63 years, and had hyper-
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ease, it is possible that these predisposing factors reduced
baroreceptor sensitivity.
Routine intraoperative monitoring31 and selective
shunting ensured that no patients had any periods of severe
cerebral ischemia, which could have affected autoregula-
tion and baroreceptor response.
Our baseline values for CVT and CBR are lower than
those previously reported. Published data suggest that
CVT should not be lower than 5 units in the linear vagal
Fig 1. Graphs show mean arterial blood pressure (MA
cardiac vagal tone (CVT; linear vagal scale), and carotid
test 1 (before lignocaine injection) and rub test 2 (afterscale in the age range between 13 and 79 years and that
digital pressure on the carotid sinus should cause an in-
crease of 5 to 20 units in CVT, with a decrease of no more
than 30 mm Hg in systolic arterial blood pressure.32 But
these values were obtained in healthy, resting, nonanesthe-
tised individuals. The baseline CBR in our group of patients
is considerably lower than that reported by Gianaros et al,5
where the average baroreceptor sensitivity was 11.55 
0.47 ms/mm Hg. Again, however, these published values
are for resting nonanesthetised individuals. Similarly, the
m Hg), r-r interval (R-R; ms), heart rate (HR; bpm),
eceptor sensitivity (CBR; ms/mm Hg) responses to rub
caine injection) in individual patients.P; m
baror
ligno
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trial defined depressed baroreflex sensitivity in resting non-
anesthetised individuals as less than 3 ms/mm Hg, and
indeed identified this as a risk factor for cardiac death.33 In
our group of patients it must be noted that, not only may
baroreflex sensitivity already be lowered as a result of age,
atherosclerosis, and hypertension, but autonomic response
Fig 2. Graphic display of data obtained in one patient du
of rub tests and injection of lignocaine. ABP, arterial b
CVT, cardiac vagal tone; CBR, carotid baroreflex sensitiand baseline CBR is considerably altered with anesthesia. It
is interesting that the patients with the lowest values of
baseline CVT and CBR still showed good baroreflex re-
sponse to rub test 1, indicating that, although the baseline
levels were low, baroreflex sensitivity was still intact.
In one patient there was a decrease in MAP of 19 mm
Hg at rub test 2, although there was no change in heart
carotid endarterectomy. Vertical lines demonstrate time
pressure (systolic and diastolic shown); HR, heart rate;ring
lood
vity.
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were stable around the time of the rub tests and lignocaine
injection, this patient did display spontaneously variable
changes in MAP during the operation. It is therefore pos-
sible that this decrease in blood pressure was unrelated to
the baroreceptor stimulation.
Early investigators of perioperative baroreceptor dys-
function attributed instances of postoperative hypotension
to overactivity of the carotid sinus nerve, and advocated
local anesthetic infusion via a catheter positioned at the
carotid bifurcation.34-36 Initial studies suggested that this is
effective, but failed to explain instances of perioperative
hypertension.37,38 The technique was not widely adopted,
because of practical difficulties and availability of less inva-
sive methods of treating hypotension. However, intraoper-
ative infiltration of the tissues around the carotid sinus area
with either lignocaine or longer acting bupivicaine was
widely practiced in an attempt to stabilize perioperative
blood pressure.35,39,40 Randomized trials have not sup-
ported this practice.6,10,40 In 1986 Elliot et al38 random-
ized 100 patients undergoing CEA to receive either bupiv-
icaine or no injection. While they found no difference in the
incidence of hypotensive episodes, local infiltration was
associated with a higher incidence of perioperative hyper-
tension. In 1997 Gottlieb et al37 randomized patients
undergoing CEA to receive intraoperative infiltration with
either bupivicaine or saline solution. Again, there was no
difference in the incidence of postoperative hypotension,
and use of bupivicaine appeared to be associated with more
hypertensive episodes.
More recently, Fardo et al41 performed a randomized
double-blind study comparing the use of xylocaine (short-
acting), bupivicaine (long-acting), and saline solution
(control). They reported no difference in hypertension,
hypotension, or bradycardia, either during or after surgery.
These results have recently been confirmed by Maher et
al.42 Fearn et al40 suggested that carotid sinus nerve divi-
sion causes hemodynamic instability, whereas infiltration of
lignocaine has little effect. This is in contrast with the
findings of Towne and Bernhard,10 who showed no differ-
ences in blood pressure in a randomized trial in which the
carotid sinus nerve was either deliberately cut or preserved.
The results of our studies help explain some of these
findings. Intraoperative infiltration of local anesthetic into
the carotid sinus adventitia causes extramural neural block-
age of the carotid sinus nerve. We have demonstrated an
intact baroreflex response to the rub test before infiltration
with lignocaine. After lignocaine application the baroreflex
response to the rub test is abolished. However, the barore-
flex response is also abolished by removal of the atheroma-
tous plaque, and this decrease in baroreceptor sensitivity
persists for days after the operation.11 Therefore one would
not expect the randomized trials to demonstrate any differ-
ence in blood pressure instability between groups, irrespec-
tive of the use of local anesthetic, because all patients suffer
intraluminal denervation when the carotid plaque is endar-
terectomized.The increased incidence of postoperative hypertension
with the use of local anesthetic is perhaps more difficult to
explain. Our previous study demonstrated that whereas the
baroreceptor response to the rub test is abolished, restora-
tion of blood flow through the artery at the end of the
operation is sufficient to produce a baroreflex response.
Therefore endarterectomy destroys some, but not all, neu-
ral elements involved in the baroreflex response. The use of
local anesthetic may cause an additional effect by blocking
any remaining neural elements and preventing their ability
to respond to blood pressure changes. Further studies into
the postoperative effect of local anesthetic will be required
to answer this question.
In summary, the importance of this study is in demon-
strating that the baroreflex response to intraluminal stretch
stimulation of the carotid sinus area is functional in nearly
all patients undergoing CEA, as demonstrated by an in-
crease in CVT and CBR, and that this response is abolished
by infiltration of local anesthetic into the periadventitial
tissue around the carotid sinus. This effect on the baroreflex
response is the same as that in our previous study after
atheromatous plaque removal, and supports the hypothesis
that the effect of endarterectomy has a neurologically me-
diated basis, namely, intraluminal denervation. Overall,
published randomized trials have concluded that intraop-
erative injection of local anesthetic does not reduce hemo-
dynamic instability.37,38,41 The theory of intraluminal de-
nervation supports these conclusions. In practice we would
therefore suggest that routine intraoperative carotid sinus
nerve blockade has no benefit and should not be performed
routinely. However, selected use of local anesthetic may be
beneficial in patients with severe carotid sinus sensitivity
during dissection, manifested as marked bradycardia and
hypotension. These reactions seldom occur after the plaque
is removed.
We thank Mr K. Varty and Mr P. J. Kirkpatrick for
assistance with the lignocaine injection and rub test during
carotid endarterectomy.
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